We report the cloning and expression analysis of a mouse gene encoding a novel transmembrane protein. Expression of Sef is similar to that of Fgf8 and Spry2 during early embryogenesis, being prominent in the forebrain, mid-hindbrain boundary, branchial arches, somites, limb bud and tailbud of mouse embryos. These expression profiles indicate that Fgf8, Spry2 and Sef belong to a synexpression group and suggest that these genes may functionally interact during embryonic development. From E12.5 onwards, partially distinct patterns of expression of these genes are observed in the neuroepithelium, sense organs and endodermal-derived organs, that are known sites of expression of other Fgfs. q
Results and discussion
Here we report the cloning and expression analysis of a novel mouse gene, Sef (similar expression to Fgf). The fulllength Sef cDNA was isolated from an embyronic 9.5 days (E9.5) mouse cDNA library using polymerase chain reaction (PCR) with degenerate primers derived from the conserved region of the fish and human SEF protein, and subsequent library screenings. The sequence of the cDNA comprises 3366 nucleotides and contains a single large open reading frame encoding a protein of 738 amino acids (Fig.  1A) . Northern blot analysis revealed a single transcript of about 10 kb (Fig. 1B) . Both sequence comparison and highly related expression patterns suggest that the mouse and zebrafish sef are homologs. Zebrafish sef was isolated during the course of a large scale in situ hybridisation screen as a gene belonging to the fgf synexpression group (Fürthauer et al., 2002; Tsang et al., 2002) . A human EST clone, homologous to Sef, was found by BLAST search of the databases. Comparison of the amino acid sequence of Sef genes in these species show extensive similarities throughout the whole protein (Fig. 1A) .
Sef encodes a predicted transmembrane protein with amino acid sequence similarity to that of the intracellular domain of the Interleukin-17 receptor (Fürthauer et al., 2002; Tsang et al., 2002) . In zebrafish embryos, sef has been shown to be induced by ectopic expression of fgf3 and fgf8, and gain and loss of function studies indicate that sef functions as a feedback-induced antagonist of the RAS/MAPK-mediated Fgf signaling pathway (Fürthauer et al., 2002; Tsang et al., 2002) . Sprouty (Spry) family members are also induced by Fgf signaling and have been shown to antagonise receptor tyrosine kinase induced Ras signaling (Hacohen et al., 1998; Casci et al., 1999; Minowada et al., 1999; Fürthauer et al., 2001) . Four Spry genes have been identified in the mouse to date (de Maximy et al., 1999) , and Spry1, Spry2 and Spry4 are expressed in many similar domains from E8.5-E14.5 (Minowada et al., 1999; Zhang et al., 2001) . Because of the cross-regulatory interactions between Fgf8 and Sef and between Fgf8 and Sprys in the Fgf signaling pathway, we have performed a comparative analysis of their expression patterns during embryonic development in the mouse to investigate their potential functional relationship. The expression of Sef was compared to that of Fgf8 and Spry2 during mouse embryogenesis using in situ hybridisation to whole embryos and sections. Between E6.5 and E9.5, all three genes exhibit extensive overlap in the expression patterns of the three genes. In general, the expression of Spry2 and Sef is broader than that of Fgf8. Between E6.5-6.75, Fgf8, Spry2 and Sef are expressed in the primitive streak, with stronger staining in the anterior part (Figs. 2A-I). In addition, Spry2 and Sef transcripts are detected widely in the embryo in both the epiblast and visceral endoderm and in extraembryonic tissues (Figs. 2B,C), and Fgf8 is expressed in the anterior visceral endoderm (Figs. 2A,D) . At E7.75, expression of the three genes was found in the primitive streak, and in bilaterally symmetrical crescents of cells that flank the invaginating foregut (Figs. 2J-L and data not shown). In E9.5 embryos, Fgf8, Sef and Spry2 are expressed in the telencephalic commissural plate, mid-hindbrain boundary (MHB) region, branchial arches, limb bud and tailbud with minor differences (Figs. 2M-O) . Fgf8 and Sef expression in the MHB region is posterior to the isthmic region, while Spry2 expression spans the isthmus and is expressed in both the posterior midbrain and anterior hindbrain. In contrast, in the forebrain region, Fgf8 shows a more similar expression to Spry2 than to Sef. In the branchial arches, all three genes are expressed in the extreme lateral regions of each pharyngeal pouch and in the overlying surface ectoderm of the pharyngeal grove. In addition, Spry2 and Sef are expressed in the adjacent mesenchyme of the first, second and third arches.
At E12.5, Fgf8, Spry2 and Sef are expressed in the same tissues as at E9.5, with additional sites of expression in the diencephalon, optic stalk, pituitary, olfactory and oral epithelium, tooth primordia, somites, developing metanephric kidney and stomach (Figs. 3A-L and data not shown). In addition, Spry2 alone is also expressed in the dorsal root ganglion (Fig. 3B) . A detailed comparison of the expression patterns of these genes in the head was carried out by in situ hybridisation to frontal sections. Spry2 and Sef, but not Fgf8, are expressed in the neopallial cortex, rhombic lip and dorsal regions of the myelencephalon and in the frontal nasal process (Figs. 3D-L) . All three genes are expressed in the commisural plate and septal area of the forebrain, while Spry2 and Sef are also expressed in the hippocampus, lens Compared to the data obtained in A-C, the whole-mount in situ procedure appears to be less sensitive, and only detected regions expressing high levels of expression for the three genes, such as in the anterior primitive streak and in the distal half of the embryo in the case of Spry2 and Sef. (J-L) Fgf8, Spry2 and Sef are expressed in the primitive streak and in the anterior mesoderm (arrowheads). (M-O) Similar expression of the three genes in the forebrain, MHB region, branchial arches (*), limb bud and tail bud. Expression of these genes in the somites begins at E9.75 (Fig. 2N and data not shown) . The embryos are oriented with anterior to the left, except for G-I where anterior is towards the bottom of the page. Abbreviations: ps, primitive streak; fb, forebrain; tb, tailbud; and lb, limb bud. Scale bar: 200 mm (G, J); and 400 mm (M). and optic cup (Figs. 3D-F) . In the oral region, Spry2 and Sef but not Fgf8, are expressed in the tongue, and in the mesenchyme of the first branchial arch (Figs. 3D-F) . Spry2 is also strongly expressed in the trigeminal ganglion while Fgf8 and Sef are not expressed and weakly expressed, respectively (Figs. 3G-I ). Fgf8 and Sef are also expressed in the developing inner ear (data not shown).
These expression patterns remain essentially unchanged at E15.5, with the exception that Fgf8 expression was no longer detected in the MHB. Strong expression was also observed in the submandibular gland for both Spry2 and Sef, and in cells lining the lumen of the duodenum for Spry2 only (Figs. 4A-C) .
Altogether, the results reported in this paper indicate overlapping or immediately adjacent expression patterns of Fgf8, Spry2 and Sef in multiple tissues. These expression patterns indicate that Fgf8, Spry2 and Sef belong to a synexpression group (Niehrs and Pollet, 1999) as in zebrafish (Fürthauer et al., 2002) and might functionally interact during embryonic development. Where Fgf8 expression differs from Spry2 and Sef, such as in the MHB region at E15.5 and in the optic cup, expression of other Fgfs such as Fgf17 and Fgf15/Fgf9, respectively, has been reported (Xu et al., 2000; Mcwhirter et al., 1997; Colvin et al., 1999) .
Materials and methods

cDNA cloning and sequencing
The mouse Sef gene was cloned using degenerate PCR, and library screening thereafter. Two sets of degenerate primers, corresponding to the amino acid sequence CKPFWKP and VHSPWAG or CKPFWKP and EVA/ SDLW, derived from a conserved region of the fish and human Sef protein (Fig. 1A) were used for the PCR reaction. The template for RT-PCR came from total RNA isolated from E9.5 mouse embryos. The PCR was performed for 35 cycles, with five cycles in low stringency (948C for 60 s, 508C for 60 s, 558C for 60 s, and 728C for 60 s), and then 30 cycles in normal stringency (948C for 60 s, 558C for 60 s, and 728C for 60 s), plus a pre-dwell at 958C for 5 min and a 7 min post-dwell at 728C. A 300 bp fragment was isolated and sequenced by cloning in pCR2.1-TOPO vector (Invitrogen Co.). Using this fragment as a probe, an oligo-dT and a random primed E9.5 cDNA library (kindly provided by Dr Bernard Herrman) were screened at high stringency conditions. The probe was labelled by the random priming method, hybridised at 658C, washed with 2 £ SSC/0.1%SDS, 0.2 £ SSC/ 0.1%SDS at the same temperature. Two unique clones were isolated and sequenced from both sides. The full length cDNA is 3.37 kb containing the coding sequence for 738 amino acids and part of the 3 0 UTR. Fgf8, Spry2 and Sef are also expressed in the neopallial cortex, the somites and in endodermal organs, such as the lungs, stomach and kidneys (data not shown). Spry2 is also expressed in the dorsal root ganglion. (D-F) All three genes are expressed in the medial septal area, in the commissural plate (asterisk), olfactory and oral epithelium (arrows) while Spry2 and Sef are also expressed in the hippocampus and in a broader region of the septum. In addition, Spry2 and Sef are expressed in the tongue and in the optic cup (arrowhead). (G-I) Expression of Fgf8 is restricted to the infundibulum, while Spry2 and Sef are expressed in both the infundibulum (arrowheads) and in Rathke's pouch. In addition, Spry2 and Sef but not Fgf8 are expressed in the trigeminal ganglion (asterisks) and in the mesenchyme of the first branchial arch (arrows). (J-L) Caudally in the neuroepithelium, Fgf8 expression is restricted to the MHB region, while Spry2 and Sef are in addition also expressed in the rhombic lip and dorsal regions of the myelencephalon. Abbreviations: nc, neopallial cortex; drg, dorsal root ganglion; l, lens; lu, lung; st, somach; hi, hippocampus; sep, septum; oe, olfactory epithelium; t, tongue; rl, rhombic lip; mye, myelencephalon; and Rp; Rathke's pouch. Scale bar: 700 mm.
Northern blot analysis
Poly(A) 1 RNA was isolated from E9.0 mouse embryos according to the manufacturer's protocol (PolyATtract mRNA isolation Kit, Promega Co.). A total of 2 mg Poly(A)
1 RNA was loaded per well of a denaturing agarose gel. After transfer to a nylon filter (Hybond N 1 , AmershamPharmacia Biotech), the RNA was hybridised with the 3 kb Sef probe under standard conditions, and exposed to the film for 3 days.
In situ hybridisation
The following probes were used for in situ expression studies: a Sef full-length cDNA cloned in pSVSport (Gibco Co.) linearised with SalI and transcribed with T7; Fgf8 cDNA (Crossley et al., 1995) and Spry2 (Minowada et al., 1999) . Embryos were obtained from CD1 crosses. In situ hybridisation to whole embryo and to sections was carried out as described by Conlon and Herrmann (1993) . Fig. 4 . Sef expression, compared to Spry2 and Fgf8 at E15.5. The same tissues express the three genes as at E12.5 (Fig. 3) , except that expression of Fgf8 is no longer detected in the MHB region (asterisk). In addition, Fgf8, Spry2 and Sef are expressed in the submandibular gland (arrows), and Spry2 expression is also detected in the cells lining the duodenum (arrowheads). Background staining of Fgf8 is observed in numerous tissues, including the liver by both sense and antisense probes (A and data not shown). Scale bar: 1 mm.
